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" The primary photblytié pf(’)eesses, as observed by the techriiqile of flash photolysis; were studied for the sulfur
polyvalent anions 8O;2~, CN8-, and 8:0:~ in aqueous selution. Sulfite ions were found to produce two

‘transient species, resulting from the primary photolytic process:  SO.2~ H0 b 80;~ + euq. A short-
lived species apparently formed by the addition of e.,~ to sulfite ions and tentatively assigned to HSO2~ (Amax
720 my) decays by first-order process, £ = (1.9 = 0.3) X 104 sec™, and a longer lived species assigned to S0,
(Amax ~275 myp) decays by second-order process, 2k/e = 1.5 X 10 at 275 mg, Thioeyanate ions decomp ose

hn By . .
-on photolysis by at least two processes: CNS8—-H;0 — CNS + e~ and ONS- = CN~ +- 8. A transient.
spectrum, due to (CNS); ™ radical anions, was found absorbing at Am. 485 my, with species decaying by a first-
order process in air-free solutions and by a second-order process in the presence of oxygen. Thiosulfate ions

decompose on photolysis by two procésses: 8,052~ H,0 ii‘SgOg— + eaq— and 8:0,2~-H,0 i 85:0. + OH +
OH~. The OH radicals produced react with S0, to form 5,0~ radicals. A {ransient optical spectrum with
& Amax 380 mp assigned to 50y~ decays by a second-order process in the absence of O» and by a first-order .
process in the presence of Q.. 8,0, hag a Awix ~ 280 mp and decays by a second-order process in the presence
or absence of oxygen. The CTTS sbsorption bands of the three sulfur anions have been determined. The _

est spectra of the radieals produced on uv irradiation of 80, CNS—, and 80, ices at 77°K are given. - _

The ultraviolet absorption spectrs of the sulfur ® .

polyvalent anions 80,2, CNS—, and 8,0,2 are knowr,

but, except for thiosulfate anions, their absorption

spectra have not been characterized and their pho-.

. tochemistry has not been studied for many years.

_ Albu and Goldfinger' examined the absorption
~ spectrum of the sulfite ion on the basis of the Franck=

Haber theory of the electron-affinity spectrum of ions .

and showed that the 8O;%~ spectrum has a long wave-

length Iimit of 2660 A snd corresponds to the process
SO~ H0 = 80,~ + H + OH-  Haber and

Wansbrough-fones® studied the photochemistry of
sulfite ions in the absence of oxygen and postulated the
reactions II 4+ H — H, and 80y~ 4+ S0~ — 8,02+

taking place under their experimental conditions. .
However, they found the quantum yield of dithionate -

to be 0.07 at pH 7.0 and suggested the possibility of the

“back reaction” 80,~ + H —> HSO0,~ occurring.

Bickstrém?® - studied the effects of inhibitors, par-

ticularly alcohols, on the photochemical oxidation of

sulfite ions in solution. : :

- “Thiocyanate ions were found* to decompose with
light in the wavelength range 1800-3000 A with the
formation of sulfur. The reaction was postulated to be
reversed in the dark. Matheson, ef ¢l.,5 found evidence
for the formation of solvated electrons-in the flash
photolysis of aqueous solutions of CNS- ions, and
Gusarsky and Treinin® interpreted the absorption band
of thiocyanate ions at ~220 mu as due to a charge-
transfer-to-solvent (CTTS) spectra. '
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" assigned tor 4 CTTS type of excitation.$—10

_The spectriim of 8,052~ in solittion has an intense
absorption. peak at about 215 mp™® and has been
The
limiting. (maximum) quantum yield of decomposition
of the CTTS band was found® to be <0.1 in the pres-
ence of electron scavengers in solution. - s
CIn this work, the results on the flash-photolysis

) study of sulfite, thiocyanate, and thiosulfate anions in

aqueous solution is presented. The primary pho-

tochemical processes occwrring in these systems are

discussed and the optical absorption spectra of the
short-lived transients are identified. : '

‘Experimenial Section . -

The flash-photolysis lamps and setup used in this
Work have been described elsewhere.“ Total flash

(1) H. W. Albu and P. Goldfinger, Z. Phis. Chem., 16B, 338
(1932). . _ . : .

(2) F. Haber and O. H. Wanshrough-Jones, ¢bid., 18B, 103 (1932).
(3). I Béckstrém, J. Amer. Chem. Soc., 49, 1460 (1927); Z. Phys.

- Chem., 25B, 122 {1934). ] L )
- (4} K. Jablegynski and H. Jablegynska, Recz. Chem., 10, 579 {1930); )

Bull. Soc. Chim. France, 49, 877 {(1931).

(5) M. 8. Matheson, W. A, Mulac, and J. Rabani, J. Phys. Chem, =
67, 2613 (1963). i

(6) E. Gusarsky and A. 'Treinin, thid., 69, 3176 (1965). ) o
(7} A. D. Autrey and R. E. Connick, J, Amer. Chem. Soc., 73, 1842

- (1951).

(8) M. Smith and M. C. R. Bymons, J. Chem. Phys., 25, 1074
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(9) D. P, Ames and J. Wiilard, J. Amer. Chem. See., 75, 3267 (1953);
W. B, Fyfe, J. Chem. Phys., 37, 1894 (1962).
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| FLASH PHOTOLYSIS STUDY OF SOa , ONS-—, anp 8,02~

" energies of 1800 J were used with a duration at “1/e

time” of 5 psec and a total flash duration of 70 psec.
A Bausch and Lomb grating monochromator with
_ gratings blazed in the uv, visible, and near-ir regions
were used.: An EMI 9558QB photomultiplier tube
was employed throughout- this work. The optical
absorption spectra of the transient species produced
. were obtained by the point-by-point method.

Solutions were prepared just previous to irradiation
using water purified by triple distillation, radiolysis,
and photolysis.!2 Reagents used were the best re-
.search grade supplied by Baker and Adamson and
Mallinekrodt, and they were used without further

180'1_

Results and Discussion L S N
Photolysis of Sulfite Ions. All the work reported
below was earried out in 102 M Nas80; solutions.
The flash photolysis of sodium sulfite in agueous
solution gave rise to the formation of a transient species
absorbing strongly in the wavelength region 350-1000
my, see Fligure 1, with a Awax at about 720 mg. Except
for variations in the amount of transient produced, the

same optical spectrum was obtained at all sulfite ion :

concentrations studied up to 10-* M. Similarly, the
same transient was formed in the presence or absence
of oxygen (Figure 1).- This broad absorption spectrum,
with a peak at about 720 mg, was found fo be due fo
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' fﬁgure L
and in air-saturated {®) solution.

1000

Transmnt absorpmon %pectr& produced on flash photoly51s of 10~2 M Na.;;SOg at pH 6. 0 in Ng—saturated (O) .
Optical density messured in 20-cm optical cells, 25 usec after start of flash. Inset: [onger

C lived tra.nsmnt measured in Ng—sa,turated (3) and air-sattrated (W)} solutions 300 psec after start of flash..

purification.. . Solutions were “deaerated, *using pre—z

" - purified nitrogen, by the syringe technique or by using

a bubbler with a wide glass frit at the bottom of a ey-
lindrieal vessel under continuous N, gas flow conditions.
The concentration of the solutes used in' this investi-

" - gation was kept to a minimum to reduce “inner-filter”

effects but - sufficient to obtaln enough {ransient.
Furthermore, since sulfur was produced in the pho-
tolysis of the three anions studied, it was essential to
keep its concentration down to a minimum to avoid
interference with the transmission of the monitoring
light beam through the optical cell. .

The esr spectra were recorded with a Varian V-4500
X-band spectrometer with 100-ke/sec modulation and
a 9-in. electromagnet equipped with the Fielddial. A
dual cavity was usually used fogether with a double
recorder.. The #rradiated sample was placed In one

cavity and in the other a XCl-pitch sample was used.

All spectra were measured at 77°I, even those that
were annealed at higher temperatures.

one single species which decays by a, first-order process
(see ‘Table I). The decay rate of the transient was
found to be the same in the presence or absence of
pxygen, in neutral solution or at pH 12.0, with an
average decay constant k = 1.9 £ (0.3 X 10 sec .
On flashing a 10—2 M Na,S0; solution saturated with
N,O gas, no transient was found. absorbing in the_
wavelength region 500-800 my. - )
A second transient species was observed on pha—
tolysis of 10—% M $0;*~ ions in Ng-, NyO-, and air- -
safurated solutions, absorbing in the wavelength
region. 250-380 my, with a maximum absorption peak
at about 275 my; see Tigure 1. This intermediate
absorbs considerably less than the species with Apux
720 my, is longer lived, with a hali-life of a few milli-
seconds, and decays by a second-order process; see
Table L
(1) L. Doghottl and E. Hayon J. Phys. Chem., 71 2511 (1967).
M. Langmuir and E. Hayon, ¢bid., 71, 3808 (1987)
(12) E. Hayon, Trans. Faredey Soc., 60, 1059 (1964},
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® Deviation s ils%.”_ D
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Table I: Rate Constants for the Decay of Transients Produced on Flash Photofysis'_of 1072 M Wa,S0; -

Transient System . QH ™My - ) Decay rate®
HSO;2~ " N satd Neafral "~ 375 k= 2.0 X 10%see—1
HBO,2 N: satd Neutral © .~ 7/ - 575 E=1.7 X 10%see?
HS0,2— N, satd . Neutral R Y1 B k=128 X 104 gec 1!
H30:2~ . Nesatd. ~ Neutral. - S 700 k=19 X 10%sec?
HS02~ Alr satd Neutral. =~ =~ 37 kF=20x t0%sec?
HS80:2~ - Air satd Neutral - = 850 kE=21X 104sec™? -
HS802—- . Air gatd - Neutral S 675 E=1.7 % 10tsge1
HS80.2- . . Nogatd * .. - r.e -0 650 ko= 1.4 % 10%sec1
HRO2- . 5 X104 M. . Neutral - ' 650 k= 2.2 X 10%sec~t

: ethanol, EUR ' .
L air satd : r
BO7 D Ny satd ‘Neutral © . . - 275 /e = 1.5 3 105
SO~ L Npsatd  Neutral . - - .o 280 - Zkfe = 1.5 X 108
80,70 T Npsatd Neutral S 290 2k/e = 1.6 X 108
210 A - Alrsatd T Neutral =~ 5 270 2kfe= 1.7 X 108
8Oy~ T Adrsatd Neutral - -~ ™. 275 2k/e =1.8 X 108
5O;— - wo Alrsatd Neutral - . 280 2k/e = 1.9 x 108

The above experimental obssrvations are explained
on the basis that the main primary photolytic pro’cess
resulting from the absorption of light by 80;~ ions is
due to a CTTS transition, leading to the formation of
850~ radlca,l amons and solvated electrons, according
' B

802 H,0 'soaé—-Hzo*'—*‘" “ ¥ b e

While the release of electrons from the spectroscopic

excited state of silfite ions ecan account and" explain

the results obtained by this flash-photolysis techmque,;
one cannot exclude other photolytic processes. which

may be ‘oceurring  simultaneously but which do not

give rise to observable absorbing species under the
conditions of our experiments.. This is also true of the
other systems described below. _ o

The electron released in reaction 1 is considered to

 formt an adduet with sulfite i ions, giving an mtermedla.te e

which is tentatlvely a,smgned to HSO2— - _ .
— 4 80— —> HSOs2— + OH* )]

"The species w1th Amax 720 my is asmgned to the HSOaz—' .

radical anion and the species with Auex ~275 mu is

- assigned to the SO;~ radical anion. These assignments _

have béen made taking into consideration the following

. facts and observations.” The TS8O~ iransient with

Amax 720 my is not formed on photolysis of SO,2— in
presence of 2 X 102 M N,O. This is explained on the
- basis of a kinetic competition between reaction 2 and

"+ NO—>N,+ OH + OH- (3

Cwith ks = 5.6 X 10° M seeth

- experimental conditions (10-* M 8052— and 2 X 10-2

-_-M “NyO at neutral pH), all the electrons have reacted
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not to be feas1bfe
*-that the correSpondmg electron-affinity spectrum of the

' -was examined b‘y Adams, e al.“-‘ﬁ

Under these .

Wlth NZO accordmg to reactlon 3. The slow—decaymg -

transient absorbing with Amax - ~275 mu was still -

“observed- in N,O solutions, indicating that e,,— is not

involved in ifs formation.
Addition of H* ions, to convert ey~ to H atoms -
where by = 2.3 X 10" A1 gee—1 12 Was found

+H+—~>H‘=-'- )

Franck*Hszers the01y predlcts -

bisulfite ion should be 1.5-2.0 eV to the shorter wave-

- length side of that of the sulfite ion. © In agreement with
" this prediction, nio absorptmn by the bisulfite ion was .
found at A >2250 A and no transient species were

produced on flash photolysis - of 10-2 M sodium
bisulfite or 102 M sodium sulfite at pH 1.1-2.0; in air

. or Nysaturated solutions.

Instead of using H* ions as an electron scavenger,
nitrate ions were added to a 10~2 M SOs%— solution.

. In Nysaturated solution containing 2 X 10—+ M KNO,,

no transient was observed at 720 my. However; using
lower eoncentrations of NOs— ions, it was possible to
form some HSO;2~ and observe its decay. At 720 my;
the transient was found to decay by a pseudo-first-order

. process dependent on [NO;~], from which a k(IISO,2~

+ NO;7) ~ 10 M~1ligec—! was caleulated. In
addition, from the competition between reaction 2 and
F{e.g—+ NO;7), it was estimated that F(eag™ + SOS =y
£2ZX 10‘5]14r lsec—T. .

~ Pulse radiolysis of aqueous solutions of sulﬂte ions
In' ‘a ﬁrst pub-

(13) M Anbar and P Neta, “Int. J. Appl. Radiat. Isotopes 18 493
(1967).

(14) G.E. Adams, . W. Boag, and B. D. Michael, Proc. Chem. Soc.,
411 (1964,



Frasu Protorysis. Stupy or 80;°—, CNS—, anp 8,02

lication!t a transient spectrum with Ap.z =350 my was
reported on irradiation of neutral aqueous solutions n
the presence of oxygen. Thig spectrum wasg suggested to
be formed from the reaction OH - 802~ — 80;~ -
O~ and was assigned to the SO;— radical.

radiolysis of 0.5 M sulfite ions in presence of 2 X 102
M N,O 'gas. 'In thé presence of oxygen, they now
observed a transient with an absorption maximum at
750 my -but with no transient peaking at ~~350 mg,

indicating that the transient has a reduung species

{ea, ™ or Oy7) as a precursor.
Their Iater results® are in accord Wlth the results

presented above for the species absorbing at 720 my in
The difference in-

the flash photolysis of 8SO,*~ ions.
Amax I8 thought to be due to the use’ of flash spec-

trography in derlvmg the absorption spectrum of the-

transient.
‘Since k(e— + Oy — Oz_) = 1.9 X 10 M*1 see—L
and k(e + S0;2) was estimated .as € 2 X 108 /1

see!, all the electrons produced in reaction 1 must

react with oxygen under the experimental conditions

described: above. . The formation of the transient on
photolysis of air-saturated solutions is then probably

© the result of the reaction O,~ -+ 50,2~ EQ HS02— +
OH~ + Q.. _ _
- The assignment of the slow-decay species, with A
~275 my, to the 805 radical anion was based on the
following premises. Since the transient with M.
720 my is formed as the result of the reaction of e.,~
- with 80,2~ the SO;~ radical produced in the primary
photolytic process could well account for the observed
- absorption ‘spectrum in the uv region. - In addition,
the OD at 270 mp was found to increase from 0.012 to
0.025 in air- or Npesaturated solutions compared to
N,O-saturated solutions. This doubling of the amount
of 850, radical formed is explained on the.basis of
reaction 8 followed by OH + S0~ — 80;— 4 OH-.
This observation provides strong support for the
proposed main primary process taking place in the
photolysis of sulfite tons, viz. reaction 1. _

The examination®® of the esr spectrum produced on uv
irradiation of 10—% M Na,80; ices at 77°K showed a
singlet with an isotropic g factor very close to 2.000
(see Figure 2a). The sulfite ice was colorless after uv
Irradiation, and the esr single line was found to dis-
appear on thermal annealing of the ice to about —70°.
Chantry, e al.,”" have observed the optical and esr
spectra of SO,~ radicals produced on « irradiation of

single erystals of sodium dithionate, sulfamic acid, and -

potassium sulfamate. The esr spectrum reported’? is a
single line with an isotropic ¢ factor of 2.004 due to
#2305~ radicals. They also found a uv absorption at
270 and 240 mp and coneluded that the 270-mp band
is due to 80;~ radicals. More recently, Gromov and
Morton!® have observed the esr spectrum of S0,—

In a later .
work, Adams, e al.,” found no transient on pulde

11803

31387 3588.7 °
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Figure'2. Electron spin resonance spectra of trapped radicals
produced on uv irradiation st 77°K: - (a) 1072 M Nas:S0,,
colorless, radical disappears at —70°; (b) 10—2 If NaHSOs, .
purple-violet, radical and color dzsappear at —75%; . :
{c) 1072 M KCNS, red, radical and color dlsappea.r at —95" )
{d) 102 M Na:8,0s, vellow, radieal and céolor dlsappear at
—60°; (e) pitch sample L AT

formed from + rradiation of X80, erystals’and found.
the principal values of the g tensors of the radical to be
in good agreement with those reported by Chantry,
el al.” These observations strongly support the
assignment given above for the optical absorption
spectrum. and the esr spectrum of the SO:~ radical '
produced in the photolysis of sulfite ions.

On uv irradiation of 10—2 M NaHSOs ices in the
absence of oxygen, the sample turned purple-violet
and gave rise to an esr singlet shown in Figure 2b. On
annealing to —75°, hoth the coloration and the esr signal
disappeared.. The color would appear to indicate that -
the ear singlet cofresponds to the transient species
With Amax 720 my.  However, no transients are formed
on photolysis of HS0;— ions at room teémperature, and
a different esr signal was observed on uv irradiation of
80,2~ idces (Figure 2a). No cledr explanation is
presently available to account for this observation. -

Carbonate ions have been used! to derive relative
rate constants for the reaction of OH radicals with a
number ‘of solutes in the pulse radiolysis of aqueous
Systems. By followmg the decrease n optical den51ty

(15) G. E Ada.ms, J W. Boag, a.nd B. D Michael Tmns Faraday
Soc., 61, 1674 (1965).

(16) Electron spin resonance spectra were mea,sured by AL O. ng
of this laboratory.

(17) G. W. Chantry, A. Horsﬁeld J. R. Morton J R Rowlands,

-and D), H. Whiffen, Mol. Phys., 5, 233 (1962).

(18) V. V. Gromov and J. R. Morbon, Can. J: Chem., 44, 527 (1966}
(19) G. E. Adams and J. W. Boag, Proc. Chem. Sac., 112 (1964)..
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at 6000 A 'fc;r the CO; radical in the presence of, sajr,_

sulfite ions, the rate constant E(OH + SO2-) was
determined. We have added carbonate ions to nitrogen
and nitrous oxide saturated 10—% Af S0,2- solutions and
- followed the transient at 500 mp, at which wavelength
the eygoe- K eco,~ By analysis of the decay curves

" . ‘and the “initial” optical densities, it was coneluded that:

= GO~ radieals react with 80,2~ ions and that HSOs2—
reacted with either C(O4—, and/or CO2— jons. 'This is

-an example of the error that can be made in studying

reactions of OII radicals by the above method, without
an analysis of the decay rates and a complete knowledge

- of the absorption spectra of all the radicals produced

" inthe system under study. . -
. Photolysis of Thiocyanate fons. The flash photolysis
of potassium thiocyanate in aqueous solution showed

the presence of a transient species, having reddish -
color and absorbing in the wavelength region 350650
my. The Intermediate formed, with a maximum at
485 my, was the same in the presence or ahsence of

oxygen. At concentrations above 3-5 X 10— M

thiocyanate ions, a turbidity was noticeable on flashing _

the solution, and in 10-% to 102 M CNS- ions, the

formation of sulfur masked the presence of transient -

absorbing species and gave rise to a strong smell of
HoS. - All the work to be described below was carried
out in 10=* M KCNS solutions, prepared freshly just
previous o photolysis,

 Tigure 3 shows the absorptlon spectrim of the'.
radical produced on flash photolysis of 10—¢ 3f CN§—

n nitrogen-saturated solution at pH 6.0. A weak

absorption was found down to 260 mp which appeared' :
to have a, decay rate similar o the $pecies absorbing at

485 myg, but due to the small optical density of the
transient it was not possible to measure the decay rate

with aceuracy. .
The transient optlcal Spocf}rum observed 18 cons1dered

_ozaf
oI5
0.0~

oS

gl e . —L L
300" . 350 400 450 50D 550 800 850
o A mp

o : Tig'ure'3 Transient ebsorptlon spectrum produced on flash

- photolysis of No-saturated, 10— A7 KONS at pH 6.0.

', Optical density measured in 20-em optical cells, 80 usec . -

- after start of flash.
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“to be due to the thiocyanate radical anion, produced

during the photolysis of CNS ions in its CTTS.

absorption band
hm

ONS—-H;0 T CNS- H,0* —= ONS. + Can™ (5)' "

<230 me

- While thiocyanate ions absorb light up to about 27 Omu,

no transient with Amec 4S5 mg was formed 2t any
[CNS—] used when a 209% acetic acid filter solution

{cutoff 237 mu) was placed between the flash tube and
the optical cell.
used, it was established that the CTTS band of thio-
cyanate ions lies below about 2300 A. TFurther support:
for reaction 5 was obtained on flashing a 104 M KCN§
solution saturated with N,O gas. Under these con-
ditions, the initial OD.at 485 my increased from 0. 042

to 0.080, d.e., was approximately doubled. This 1s

explained by the sequence of reactions 3 and 6. '

' ﬁ—|-N'20—>\T2—|—OH+OH—_._ (3)
- OH + ONS-— ONS + OH- - (6)-_'

On flash photoiysm of N,O-saturated 10‘4 M KCNS
solution inthe presence of 0.1 3/ ethanol, the amount of -
transient was the same as that produced in N,- saturated
solutions of CNS- and ethanol. This is explained as
due to the eompetltlon between rea,ctlon 6 and

"Wlth aH the OH radicals reacting with ethanol’ under

these experunental conditions.
* A similsir transient has been observed in the pulse
radiolysis of aqueous thioeyanate solutions® and has

- recently: been definitely assigned to the (CNS),—
: radleal anion by Baxendale and Stott2 with .i’cs =2 X

. Ta

CNS+CNS*‘_(CNS)2. Cm

10 M’ -1 sec*l s = 6.6 X 109 M1 See_1 and €500 =
7°X 10° M~ em—1.2 - Under our experimental con- .
ditions, it can be assumed that all the CNS radieals
are present as (CN8),~. '

- In"addition to the primary process 5, one- must _
propose another reaction to explain the formation on
photolysis (in presence or absence of acetic acid filter)
of sulfur and IS in the system. Furthermore, this

‘Teaction must be independent of N,O and take ‘place

in the presence of acetic acid filter; that is to say, this
other phOtOIyth process should not be limited to the
CTTS wavelength band of CNS— ions.  Reaction 8 is
proposed to take place. The dependence of the forma-

R

CNS— = CNS- *'—‘CN—+S )

20 G‘r E. Adams, J WV Boag, J Ourz-a.nt and B. D. Michael
“Pulse Radiolysis,” M. Ebert, J. P. Keene, A. J. Swallow, and J. H.
Bazendale, Ed., Academic Press London, 1965

{21) J. H. Bétxendale and D. A, Stoti, Proc. Chem. Soc. , 699 (1967). -

From a change in filter solutions o



" not to affect the decay rate of the transient at 485 my,

TrAsH PﬁO'i_‘OLYSIS Sruny oF 805, CNS—, AND 82032; : - 1805

‘Table I Rate Constants for the Decay of Transient Si')ecies Produced on Flash Photolysis of KCNS in Aqueous Solution

o X, " Decay .
; Bystem . - pH my . order’ - Deeay rate’
10~ M, Ny satd - 6.0. 480 First k= 3 0+ (1.5 X 10%) see b
107 M, N satd ; 6.0 550 - First : b= 2.5L (1.0 x 103 sec™
© 2.5 X 1075 M, N; satd 6.0 485 _ First- E=3.0=% (1.0 10 sec™
.2 X 107+ M, Nysatd. 6.0 - 485 _ First " =284 (1.2 X109 sec-1
10— M, Nesatd ~ | - - 0.75. 485 First: ., k=2.0=% (.0 X 10%) sec™
10— M, Nysatd - - - 11.9° 485 Second 2%k/e = 8.9 == (3.0 X 108)
104 M, air satd . 6.0 485 Second /e = 2.4 4= (0.6 X 109
2.5 X 1075 M, air satd 6.0 485 ' Second 2k/e = 1.6 &= (0.6 > 10%) -
10 4 M, air satd . 11.9 485 Second C 2kfe =7 £ (2 X 105}
A2, 5—20) >< 10~ 4M NgO satd ] 6.0 -~ 485 First B=20+ (1.0 X 103} gec™1+
10—+ M, NoO satd’ - 11.9 485 Fiest -~ . k=2.82(0.6 X 10*)sec™1. :
10—¢ M, N:O satd '_ . ' 1.0 485 First S EF =26+ (10X 10" gec?
10—+ M, 0. IHmetha,nol 6.0 485 Firat k= 6. 0 £ (2.0 % 10%) sec™t -
- Npsatd - . o . ' : )
10— M, 10 to 10+ M al?yl ) L 8.0 485 First k=29 (0.7 X109 gee™l
alechol, N gatd: o . . ) o )
10—+ M, 1073 3 allyl aleohal, - . - 6.0 485 - First k=37 X 10 gec1 -
. air satd o : Co e : o

the difference in decay of apparently the same species
(CNS8)s— . produced . in flash-photolysis and pulse- "~
radiolysis experiments. The second-order decay ob-
tained in flash photolysis in presence of oxygen could
be due to the reactions : :

+02—>09
—1-02

tion of sulfur and H;8 on CNS- ion econcentration
could be explained in part due to reactions of the type
§ + CNS—— CN~ + 8. Addition of allyl aleohol,
a possible scavenger for sulfur, was found to reduce

the Initial amount of transient produced on flashing, _
and to essentially eliminate the turbidity caused by . (_10_) .
-the formation of sulfur in reaction 7.- Similar results (11)
have been found independently by Luria and Treinin.?? S

(CN S)z —> produbts -:' e

. 7 The decay tate of the transient produced on photoly- "
- gis of CNB—

ions in nitrogen-saturated neéutral and
" acidic solution was found to be a fairly: good first-
order decay at wavelength 400-600 myu and was found
-to be ‘independent of CNS— ion concentration from
2.5 X 1075 10.2° X 107* M ; see TableIl. The decay
‘could still, however, be a pscudo-first-order decay.
. The decay is also first order in neutral, acid, or alkaline
. golutions saturated with N,O gas.  In presence of
oxygen, however, the deeay rate is a fairly good second
order with 2k/e = 2.0 + (0.6 X 10%). Inair-saturated
10—¢ M CNS— at pH 1.0 and 1.8, decay of the transient
at 485 my cannot be established, since it is an equally
- good first-order decay (k = 4.2 X 10° sec—1). '
_ Adams, ef al.,® have found in pulse-radiolysis work

that in neutral solutlons_ in the presence or absénce of
oxygen, (CNS},— decays by a’ second'—order process

with 2ke = 2.9 X 10° M/ sec—l takmg e = 7.1 X
108 M2 em™h ' _
" (CNS),- F (ON)s- wé--product“ NG

In aeid solutions in the presence of oxygen, they found®
a more complex decay kineties for the fransient ab-
sorbmg at 500 my. :

- No 'explanation is presently avaﬂable to explain

From the results obtamed, it would appear “that there
are at least two simultaneous primary processes oc- -
curring during the photolysis of thlocyan&te ions
with light of wavelength. above about 2000 A a
spectroscopic excited state at A <230 my originating -
from a CTTS transition and leading to the ejection of
an electron (reaction 5), and probably a #* <« 5 transi-
tion involving the no-bonding electron on the sulfur
atom {reaction S).

The esr spectrum of 10—2 A KCNS ices irradiated
W I‘bh uv light was determined and is shown in Figure
2¢.  The sample was found to be red on photolysis,
in keeping with the expected absorption spectrum of
thiocyanate radieals. On annealing to —95° the red
disappeared as well as the esr absorption signal.

Photolysis of Thiosulfate Tons. The optieal absorption
spectra of two transient speecies have been observed in
the flash photolysis of sodium thiosulfate in agqueous
solution: a “short-lived” intermediate A absorbing
in the region 340450 mu with Amee ~380 mp and a
“long-lived” intermediate B absorbing from about 220
mgu to 400 mu with Ayax ~280 mp (see Figure4). Tran-
sients A and B where shown to be formed in the pres-

(22) M. Lauria and A. Treinin, 7., Phys.- Chent., ir press.
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ence ‘or absence of oxygen and, except for variation in
the amoint of transients produced, at various concen-

frations of thiosulfate up to 10— M Na,8:0;. Thesame
transient absorption spectra were also observed in acid,

neutral, and alkaline aqueous solutions. Unless stated

otherwise, all the work reported below was carried out

in 10—3% M Na,S8,0; solutions, _
Transient A was shown t6 be produced from the

photoionization of thiosulfate ions and is assigned fo

; he

82032_'1{20 : Lo . ]

. 820527 Ho0* = 805~ +eq— (12)
“the 8,05~ radical anion produced by the photolysis of

8,052~ in the CTTS absorption band, On flashing a

neutral 10=* M Nas$,05 solution saturated with N;O

gas (~2 X 10—% M N;0), the amount of transient A

produced at M 380 mu increased hy only 509, (see”

below} compared to a solution saturated with N, gas
or air. The increase is due to réaction 3 followed by
reaction 13 taking place. - On flashing a neutral 10—

OH + 8,0~ —> 8,0~ + OH~ (13)"

M Nas8,0; solutions eontaining: up to 101 M ethanol

in the presence or absence of 2 X 10— M N,(Q, the.

amount of transient produced was found to he decreased

by about 509 compared to a Ny or a,lr—sa,tmated.

8,02~ solution free of ethanol.

Transient B, with Amax ~~280 my, was found to be
" formed by a second independent primary photolytic
process. Thus it was found that. whereas the optieal

density at 380 my of 8,05 radical increased by ~509,
in the presence of 2 X 10-2 M N,0, the optical density

of transient B at 280 mgu remained the same in N,0-,

No-, or air-saturated solutions. Furthermore, the use

of filters to cut off the light output emitted from
- the flash lamps supports an independent mechanism
leading to the formation of transient B.. Use of 209

acetic acid filter (cutoff at ~237 mg) was found to -
reduce ODsgm; by about 0.5, whereas ODasgwm, was
reduced by 80%. Similarly, using a filter solution

with a cufoff at ~215 my almost eliminated transient

B-but reduced transient A to about 20%,. It would

hence appear that the peak of the CTTS absorption
“band of 8;0:?~ ions lies mainly above 210 mg, while
the absorpition band giving rise to transient B is helow
about 215 mu. These results seem to be in agreement
witl the conclusions reached by Sperling and Treinin!®
- on their study of the electronic absorption spectrum of

5204 dons. They have assigned the band’ giving =

rise to transient B in this work to the allowed 7* < 4

transition Involving the no-bonding electrons on the; _

oxygen atoms. .

It is suggested on the bas1s of the results menuoued
above, that transient B-is the 8,0, radical anion and
that it is produced as a result of a break of the 50
bond in 8,0;*~

The Journal of Physical Chemistry

- 8,0~ H20

0.0, -

L. Doarrorss axp E, Havon |

80,2 Hgo% —~ 8,00 4 OH 4 OH- (14)

Reaction 14 is supported by the results menfioned

above in presence of ethanol and N,O. Thus addition. -
of N:O should increase the formation of 8,03~ by only -
509 compared. to Ny-saturated solutions, since 8,03~

is produced in the primary reaction 12, then from reac~

tion 14 followed by 13 and finally from reactiom 3 -
followed. by 13. Similarly, addition of ethanol re-~
moves the OH radieals produced in réaction 14 due to
reaction 6a- taking place. This, therefore, results in'a” "
50% decrease in the amount of S0y formed. TIt:

would appear that under the conditions of our experi-

ments, the quantum yields of reactions 12 and 14 are o
equal within 10-20%. - The radical 8,0, is not pro-
duced as a resulf of the decay of 8,0, radicals, since;"
as’ indicated above, its formation appears to be un=. .

related to the amount of 8,03 radicals produced. . L

ojo"

0084

01— l..| T T T — T T
200 : '250. D ¢+ ] ) 350 - 400 450

Figure 4. Transient absorption spectrn produced on flagh
photolysis of aerated 10~ A Na,®0,: —, optical density
of both transients measured 100 gsec after start of flash;. o
@, short-lived t1a11s1ent 8,04 measured at 100 psec after

start of flash; ©, long-lived transient 8202 measured at 2 msec
after start of flash.

. Puls'e—i*adiolys'is study of aqueous solutions of thio-
sulfate-lons was found to form a transient absorption

With Amex ~375 mp very similar to the short-hived -~

transient produced in the flash photolysis of 8042~
ions and assigned to 8,0~ radicals. The transient ob-
served in pulse radiolysis was shown!® fo result from

the reaction of OH radicals with 8;042~ oo
| L OH 48,02 > 8,0, + OH" ' (13)
and an egs = 1.72.X 108 M1 em~* was reported o

8,0:~ radical anions formed under flash- photoljéi’s

" conditions were found to deeay in neufral and alkaline

solutions in the absence of oxygen by a seeond-order
process (see Table I11), with 2k/e =~ 4 X 10° at 380

my. Taking the value of em = 1.72 X 108 M-t

e~ reported by Adams, et ol.,' one obtains a value

T R whe
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Table IL: Rate Constants for the Decay of Transient Species Produced on Flash Photolysis of 1072 3 Nas80, in'Aqﬁeous Solution

Transient . B System . : _ ! pH
805 . Nasatd . ‘Neutral
8,05~ - N, satde Neu‘mja.l
80:~ . 0 Ajrsatd - Netitral _
80~ - - CAlr satd - Co Neutral -
.8203—_ ) N; satd - . 10.9
§05= - - Airsatd - 1.9
80— W 3t02 X 10 2 M methanol Neutral

: T N, satd o
- B0 “1072 10 2 % 1072 M ethanol, Nettral
<ot airsatd [
© 8037 0 1078 M NapCO;y . Neutral

307 107 3 3 allyl aleohol, N:z satd Neutral

S oB0eT Ny satd Neutral.
8:0:~ © . Napsatde . Neutral .
805 Air satd . i " Neutral’
8057 . Ny satd o © 109
80:7 L Adrsatd - : : 10.9
S0s=. 10240 101 M methanoi air - Neutral -

S satd o
8:0.~ - 1073 to 10~ M ethanol, N, - Neutral

. o satd : . _

8.0.— 10— M a]iyl alcohol Nz sa.’f/d o Neutral

* Acetic acid (209) filter (cutoff 237 mu). .~

A, Decay .
mp order, . * Deeay rate L
380" Second fe = 4.1 % (1.0 X 109 or.

- % = 7.1 % (1.8 X 109 M~ sec—1
380 Second - 2kfe = 3.7 £ (1.0 X 108 or
2 = 6.4 (1.6 X 10°) Mt gec?

380  First = bk =3.0=£ (1.5 X 10%) sec?

400 First k=33 (1 0 X 10%) gec™¢ .

380 Second 2kfe = 4.6 £ (1.0 X 108 o0r . .

C 2k = 7.9 £ (2.6 X 10%) M1 gec™t -
380 First B =24 (1.0 X 10%) sec™!
380- Becond 2k/e = 3.2 - (1.0 X 108) or
_ 2k = 5.5 £ (2.0 % 10") ML gee?

380 First kE=24x(.0 ><'10€%)sec--1 '

380 . First k=30 (0.5 X 10%) sec™!

380 Fimst - E=26=% (1.0 X 10%) sec"l_'

270, Second /e = 414 X (1.5 X 104

270. Second -+ 2k/e= 4.0 &= (1.5 % 109

270 - Becond . . 2k/e = 5.7 £ (2.0 X 109

270 Second - 2k/e = 1.5 =% (1.0 X 105)

270 Becond: 2kfe = 2.0 = (1.5 X 10%)

270 Seeond  ©  2hfe = 6.0 = (2.0 X 109)

270, Second 2fe = 4.0 £ (2,0 X 104

270 Second 2hje = 2.0 (1.0 X 109

of 2% = 7.1 4 (2.5 X 10 M~'sec1. No decay order or

deeay rate has been reported in the pulse-radiolysis.

work.”® The bimolecular decay of 8,0, radicals may
form tetrathionate, S.05%—
stable salt. In the presence of oxygen, 8,0,
to decay by a pseudo-first-order process dependent on
oxygen concentration. . The decay reactions taking
place in presence of O: have not been studied in detail:
-Addition of 'ethanol, earbonate. ions, or allyl: aleohol
doesnot seem to affect the decay rate of S0~ rad;cals
see Table IT1.

" The 8,0, transmnt Wlth Rmm' ~280 my, was found

to decay by a second-order process, Table III, ap-

parently independent of the presence or absenee of Oz, _

ethanol, and allyl alechol.

The observation of sulfur and H28 on ﬂashmg and .
the determination of these products plus sulfite ions

in the  photochemical . decomposition of thiosulfate

ions® could, in part, reésult from the deeay of the
Other photolytic

+'8 —) cannot be ex=

8.0%— and Sz 02

‘processes (e.g., 8.0~ i S0,—
~cluded at present. Although ke~

ra,dlcal amons

T+ 50) =

, a well known and relatwely '
appears

_with the expected ahsorption spectrum of 805
- cald. © On thermal annealing to —60°, the faint yellow . -

6 X 10° M ~'sec—%, no transient species produced from

this reaction has been observed, IHydrated electrons
could, however, react with thiosulfate ions to form HS
(eventually giving Hs8) and S04~ jons.

" The esr spectrum of 10—2 1 Na,8,0; ices exposed touv
light was measured at 77°K and is shown in Figure 2d.
The sample was: yellow on photolysis, in agreement

color, as well as the esr absorption signal, disappeared.
Morton?® has irradiated with vy rays single crystals of
Na,5;055H:0 and examined them with an esr spee-
trometer.-. He found the presence of two singlets due
to. two radicals: one brown and assigned to 8,0,
and the other tentatively assigned to 8:0;—. On the
basis of the flash-photolysis results obtained above, it

is suggested that the colored less stable radiesl ob-

served by Morton could be due to 8,03~ and the more
stable colorless radical t0 S,0.~. _This is exactly a
reversal of the assrgnments given by him.

©3) T. R. Morton; Can. J. 'c?hém.,':zs', 1948 (1965).
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